Abstract-The capacity of an eye to perceive the visual environment is quantified by determining the number of different pictures that can be reconstructed by its array of photoreceptors. There is an optimum density of photoreceptors for each mean luminance and contrast. This is determined by the wave and particle nature of light (diffraction and photon noise). Anatomical and psychophysical data are consistent with the hypothesis that the human retina maximizes the reconstruction of different pictures over the range in luminance required for day and night vision.
The perceptive powers of an animal's visual system are determined by two types of constraints. The first is the set of optical factors that determine the quality of the retinal image, while the second class covers ail considerations of neural processing of the image. In this study, we set out to derive a measure of optical quality of retina1 image that takes into account the two fundamental limiting factors, photon noise and pupil diffraction.
It has long been appreciated that the wave and particle nature of light, as manifested by pupil diffraction and photon noise, represent fundamental limltations to an animai's resolving power (Barlow, 1964) . For example, on the one hand, pupil diffraction limits the highest spatial frequency passed by the dioptrics and thus sets the maximum photoreceptor grain (Westheimer, 1972) . while, on the other hand, to combat photon noise, a minimum intensity is required for threshold resolution of this highest frequency (Snyder and Miller, 1977) . Our purpose is to marry these two limitations in order to obtain a quantitative measure of spatial resolving power.
By employing eiementary concepts of information theory we demonstrate how photon noise and pupil diffraction can interact to limit the amount of information available to the visual system Furthermore, our method of analysis enables one to appreciate the roles played by photon noise and diffraction at any intensity and makes it quite clear that the information content of the retina1 image depends upon the manner in which photor~eptors sample the spatial distribution of photon absorptions.
II. CONCEPT OF SPATlAX. INFORMATION fPlCXJRE R~CON~RU~IO~
Every animal's visual system must reconstruct its visual environment from an array of retinal intensity measurements. These measurements are made by individual samplers which we will call photoreceptors.
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Our idealized photo~~tors are assumed to have photon capture areas which do not overlap, but they differ from physiologically characterized rods and cones in three critical ways. (1) The photoreceptors are linear photon counters at all intensities. (2) They count the photons incident over retinal areas greater than those covered by single inner segments and in this sense resemble rod pools. (3) Ideal photoreceptors count the photons incident in a fixed time interval, whereas real pho~r~ptors do not. These ideal photoreceptors reconstruct the spatial distribution of an environmental intensity pattern as an array of intensity measurements and it is convenient to think of this as a checkerboard made up of many squares. It is clear that the larger the number of photoreceptors in a given field of view, the better is the ability. of this array to reconstruct spatial detail.
However, this spatial detail will be completely lost if each photoreceptor produces a photon count that is not signi6cantly different from that of its neighbours (all the squares now have the same gray tone). The photoreceptors must also have contrast sensitivity which is determined by the number of different intensity levels that can be reliably distinguished across the array. At first sight, it might appear that there is no restriction upon the number of intensity levels that can be distinguished; however, we show below that the quantum nature of light, and in particular photon noise, sets a lower limit to the intensity levels that can be reliably discriminated The more photons captured by the photoreceptor, the greater the number of distinguishable intensity levels and so the greater the contrast sensitivity of the array. Thus, in summary, both space and intensity are quantized by the photoreceptor array of the eye.
It is clear that this quantization of space and intensity determines the quality of the image that is reconstructed As one increases the number of photorecep tors per field of view, one gains more potential for monitoring fine spatial detail, but, because each photoreceptor now counts fewer photons, there is a fafl in the number of ~stin~i~able intensity levels. In view of this inevitable competition between fine spatial detail and contrast sensitivity, what is the most appropriate number of photoreceptors to place in a field of view? The answer clearly depends upon the
